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KineticsAbstract Adsorption of methylene blue from aqueous solution onto coconut coir dust (CCD) a
low cost agricultural waste material in a batch process was investigated. Adsorption was studied
as a function of amount of adsorbent, pH and concentration with time. It was found that percent-
age adsorption varied linearly with the amount of adsorbent and concentration with time but varies
non-linearly with pH. Adsorption equilibrium data were represented by isotherm, kinetics and ther-
modynamics models. Three isotherm models namely Langmuir, Freundlich and Temkin were tested
and adsorption was found to ﬁt well into these models with R2P 0.90. The kinetic data were well
described by the pseudo-second order kinetic model. The adsorption process was endothermic with
a mean change in enthalpy (DH) (+17.87 KJ mol1) and spontaneous with a mean free energy
change (DG) (9.69 KJ mol1). FTIR analyses of the adsorbent suggest that adsorption of the
dye was through a chemical interaction of the functional groups on the surface of the adsorbent.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Removal of dye from efﬂuents of chemical industries such as
plastics, dyestuffs, textile, pulp and paper has remained a prob-
lem of increasing concern to the environmentalists. It is esti-
mated that 2% of dyes produced annually are discharged as
efﬂuents from manufacturing operations whilst 10% are dis-
charged from textile and associated industries (Easton, 1995).
Most of these dyes are of synthetic origin and toxic in nature
with suspected carcinogenic and genotoxic effects (Chatterjeeet al., 2005; Daneshvar et al., 2007). The presence of these dyes
even at a very low concentration is highly observable and unde-
sirable. Therefore dye removal has been a very important but
challenging area of wastewater treatment (Hu et al., 2006).
The efﬂuents containing dyes are highly coloured and cause
serious water pollution. Many health related problems such
as allergy, dermatitis, skin irritation, cancer, and mutations in
humans are associatedwith dye pollution inwater (Bhattacharyya
and Sharma, 2004). Today there are more than 100,000 dyes
with different chemical structures available commercially
(Robinson et al., 2001). Dyes are broadly classiﬁed as anionic,
cationic and non-ionic depending on the ionic charge on the
dye molecules. Cationic dyes are more toxic than anionic dyes
(Hao et al., 2000). From the environmental stand point, it is
challenging to treat dye efﬂuents because of their synthetic ori-
gins and their mainly aromatic structures, which are biologi-
cally non-degradable and may be toxic to health. In order to
remove dye from industrial efﬂuents, several processes have
S68 U.J. Etim et al.been adopted by researchers worldwide. Among several chem-
ical and physical methods available, the adsorption process is
one of the effective techniques that have been successfully em-
ployed for colour removal from wastewater.
Several adsorbents have shown good promise for dye re-
moval from wastewater. Activated carbon is an effective but
expensive adsorbent due to its high costs of manufacturing.
Similarly polymers have proven to be efﬁcient in dye adsorp-
tion due to their high regeneration capacity but lack economy
in terms of cost. In view of these many natural adsorbents have
been tested to reduce dye concentrations from aqueous solu-
tions (Deniz and Saygideger, 2011; Yagub et al., 2011). Among
the natural materials used as adsorbents for synthetic dyes,
biomass and agricultural wastes are considered to be low-cost
products. They have proved very efﬁcient for dye removal
from waste water due to high ligno-cellulose material which
is part of their constituent (Annadurai et al., 2002; Chen
et al., 2011; Sen et al., 2011; Wang and Yan, 2011). These
wastes are renewable, available in large amounts and less
expensive as compared to other materials used as adsorbents.
They are better than other adsorbents because the agricultural
wastes are usually used without or with a minimum of process-
ing (washing, drying, grinding) and thus reduce production
costs by using a cheap raw material and eliminating energy
costs associated with thermal treatment (Franca et al., 2009).
Different low cost sorbents have been explored by various
researchers for dye removal from wastewater. These include
Palm kernel ﬁbre (El-Sayed, 2011), rice husk (Gupta et al.,
2006; Lakshmi et al., 2009), sawdust (Batzias and Sidiras,
2007; Khattri and Singh, 2009), tea waste (Uddin et al.,
2009), peanut shell (Tanyildizi, 2011), orange peels (Khaled
et al., 2009; Arami et al., 2008), wheat shell (Bulut and Aydin,
2006), pineapple stem (Hameed et al., 2009), and coconut based
sorbent; babassu coconut mesocarp (Vieira et al., 2009), coco-
nut husk (Jain and Shrivastava, 2008; Low and Lee, 1990;
Gupta et al., 2010), coconut shell ﬁbre (de Sousa et al., 2010;
Babel and Kurniawan, 2004), coconut copra meal (Ho and
Ofomaja, 2006), coconut coir pith (Namasivayam et al., 2001),
coconut bunch waste (Hameed et al., 2008) to mention a few.
In the extraction of coir ﬁbre from the coconut husk and in
the production of ﬁnished materials from the extracted ﬁbre, a
large amount of coir dust is produced. Coconut coir dust is de-
scribed as that brown, spongy particle of low weight which
falls out when the ﬁbre is shredded from the husk. The coir
dust is about 70% of the weight of the coconut husk (Tejano,
1985). Coir dust is rich in lignins and tannins. It is reported to
be composed of cellulose, pentosan, furfural, and lignin
(Gonzales, 1970; Joachim, 1930). Whilst a great deal has al-
ready been learned about the solid parts of the coconut, coir
dust has, up to now, the least use and is still considered waste
and nuisance for which no important industrial uses have been
developed, and they are normally incinerated or dumped with-
out control (Meerow, 1997; Vidhana Arachchi and Somasiri,
1997). It is known to have no commercial importance except,
may be, in applications where sawdust is used in a very limited
amount. However, in an effort to ﬁnd an immediate solution
to the perennial problem of coir dust disposal, several product
development activities were undertaken that may bring about
large scale utilization of this waste material. For sometime,
coir dust was used in the tropics as a locally available material
for preparing soilless growing media for containerized crop
production (Reynolds, 1973; Chweya et al., 1978). Only duringthe past few years has this material become commercially pop-
ular and it is now being successfully used in different parts of
the world as an environmentally sound peat substitute for con-
tainer-grown ornamental plants (Offord et al., 1998; Noguera
et al., 1998).
Researchers who have utilized coconut-based adsorbents
for water treatment used them in modiﬁed forms as reported
in a review work by Bhatnagar et al. (2010). The present study
is undertaken to investigate the efﬁciency of raw coconut coir
dust (without physical/chemical modiﬁcation or activation) as
a low cost adsorbent for the removal of methylene blue from
aqueous solution. The effect of contact time, concentration
of the dye, amount of adsorbent, pH and temperature on
MB adsorption was studied. Adsorption isotherm and kinetics
parameters were also evaluated, presented and discussed.
2. Experimental methods
2.1. Materials
The adsorbent, coconut (Cocos nucifera L.) coir dust was ob-
tained from a local coconut processing mill in Ukanafun Local
area of Akwa Ibom State. Methylene blue (MB) was purchased
from Smerck ﬁne chemicals, Onitsha, Nigeria. MB has molec-
ular formula C16H18N3ClS (Mol. wt. 319.85 g/mol). It was used
without further puriﬁcation. Other reagents include concen-
trated H2SO4 and dilute NaOH solutions. All reagents were
of analytical grade. De-ionized water was used throughout
the experiment. Instruments employed for the work include
UV–visible spectrophotometer (Unicam Hek105 model), FTIR
spectrophotometer (model 8400S), electric (platform shaker 20-
880), mottle P165 weighing balance, pH-meter-16, and 10 ml
clinical syringe and sieves of about 50–100lm size.
2.2. Preparation of adsorbent
Coconut coir dust was soaked in de-ionized water for 3 days
and washed several times with water until all the coloured ex-
tract was removed and clean water obtained. It was oven dried
at 60 C for 24 h. It was sieved using a 50–100 lm sieve to ob-
tain particles in this range. This was stored in a plastic container
prior to use for adsorption studies. No chemical or physical
treatments were performed prior to adsorption experiments.
2.3. Preparation of adsorbate
The dye stock solution was prepared by dissolving 1.0 g of dye
in deionized water in a 1 litre volumetric ﬂask and made to a
concentration of 1 g L1. The working solutions were obtained
by diluting the dye stock solution in accurate proportions to
needed initial concentrations (5–60 mg L1) and were used to
obtain a calibration curve (Fig. 1).
2.4. Adsorption experiments
2.4.1. Time optimization
For the optimization of shaking time, 50 mL of aqueous solu-
tions 50 mg L1 of methylene blue was taken in a 250 ml con-
ical ﬂask and a ﬁxed amount of adsorbent (0.1 g) was added.
The absorbance of the residual dye solution was recorded at
kmax (650 nm) at different time intervals. It was observed that
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Figure 1 Standard curve of methylene blue at concentration
range from 5 to 60 mg L1 at room temperature.
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Figure 2 Effect of adsorbent dosage on the adsorption of MB
onto CCD at room temperature; pH = 6.0; 20 mg/L1; stirring
speed = 200 rpm and time = 20 min.
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and attained a constant value at equilibrium after a speciﬁc
time (20 min). It was also observed that the uptake of the
dye was fast at the initial stages of contact time and thereafter
becomes slower near equilibrium and reached a steady value at
equilibrium.
2.4.2. Adsorption process
Batch adsorption experiments were carried out in 250 mL
ﬂasks and the total volume of the reaction solution was kept
at 50 mL. The ﬂasks were shaken at 200 rpm for an equilib-
rium time of 20 min on a mechanical shaker. The effect of
adsorbent dosage on the removal of MB was studied with dif-
ferent adsorbent dosages (0.05–0.20 g) in a 50 mL dye solution
of 20 mg L1 concentration, pH 6.0 and shaken till equilib-
rium time. The effect of pH on the removal of MB was inves-
tigated over the pH range of 2.0–10.0 with 0.1 g of the
adsorbent for 20 min in a dye solution concentration of
20 mg L1. The initial solution pH was adjusted using 0.1 M
H2SO4 or 0.1 M NaOH. Effect of contact time and initial con-
centration was studied by shaking 0.10 g of the adsorbent at
ambient temperature and pH of 6.0 at different time intervals
and different initial concentrations. Adsorption kinetic exper-
iments were done by contacting 0.10 g of adsorbent with
50 mL of MB aqueous solution of (10–50) mg L1 in a series
of 250 mL ﬂasks, maintained at ambient temperature and opti-
mum conditions. The ﬂasks were taken out at some intervals.
After adsorption, the adsorbent and the supernatants were
separated by centrifugation at 4000 rpm for 10 min and sam-
ples for analyses (5 mL) withdrawn with a clinical syringe
and analysed for residual dye concentration using a UV–
Visible Spectrophotometer by monitoring the absorbance
changes at kmax 650 nm. The amount of dye adsorbed per gram
of adsorbent (qe) is given as:
qe ¼
V
m
ðCe  CoÞ ð1Þ
and the percentage removal (R) was calculated using Eq. (2)
%R ¼ Co  Ce
Co
 100 ð2Þ
where Co and Ce are the initial and equilibrium MB concentra-
tions, respectively (mg L1), V is the MB solution volume (L),
m is the mass of the adsorbent (g).
The effects of temperature on the adsorption data were
studied by performing the adsorption experiments at varioustemperatures (30, 40, 50 and 60 C) with 0.1 g of the adsorbent
and other conditions remaining constant. The equilibrium data
were analysed using the Langmuir, Freundlich and Temkin
isotherms and the characteristic parameters for each isotherm
were determined.
2.5. Spectral analyses
The spectra of raw CCD and dye loaded CCD were recorded
by a FTIR spectrophotometer (FTIR 8400S) in the range of
4500–500 cm1 using a KBr disc containing 1% of ﬁnely
ground sample. The mixture was pressed into a KBr wafer un-
der vacuum conditions and used as such for IR studies.
3. Results and discussion
3.1. Effect of operational variables on dye removal
3.1.1. Adsorbent dosage
The adsorbent dose is an important parameter in adsorption
studies because it determines the capacity of adsorbent for a gi-
ven initial concentration of dye solution. The effect of coconut
coir dust (CCD) dosages on the amount of dye adsorbed was
investigated by contacting 50 mL of dye solution with an initial
dye concentration of 50 mg L1 for the adsorbent, for a contact
time of 20 min at a temperature of 27 ± 0.5 C, a shaking speed
of 200 rpm and optimum pH of 6.0. Different amounts of
adsorbents (0.05, 0.06, 0.07, 0.08, 0.1 and 0.2 g) were added.
After equilibrium, the samples were allowed to settle for some-
time after which the supernatant solutions were collected and
analysed. Fig. 2 shows the effect of adsorbent dosages on the
dye removal by CCD. The percentage of dye removal
increased with an increase in adsorbent dosage. For instance
an increase from 92.1% to 99.5% was observed when the dos-
age increased from 0.05 to 0.20 g. When the adsorbent dosage
was doubled from 0.10 to 0.20 g, dye removal was only 0.3%
indicating that adsorption was almost complete with 0.10 g of
the adsorbent. The increase in adsorption with adsorbent dos-
age can be attributed to an increase in the adsorption surface
and availability of more adsorption sites (SenthilKumar
et al., 2010). However, if the adsorption capacity was expressed
in mg g1 of material, the capacity decreased with increasing
S70 U.J. Etim et al.amount of adsorbents. This may be explained as a result of
overlapping or aggregation of adsorption sites resulting in a de-
crease in the total adsorption surface area available to the dye
and an increase in the diffusion path length. A similar trend was
reported by El-Sayed (2011) in his studies of removal of meth-
ylene blue and crystal violet from aqueous solution by palm
kernel ﬁbres.
3.1.2. Initial dye concentration/time effect
The percentage of dye removal is highly dependent on the ini-
tial amount of dye concentration. The effect of the initial dye
concentration factor depends on the immediate relation be-
tween the dye concentration and the available binding sites
on an adsorbent surface. Generally the percentage of dye re-
moval decreases with an increase in initial dye concentration,
which may be due to the saturation of adsorption sites on
the adsorbent surface (Salleh et al., 2011) and the adsorption
capacity increased with an increase in the initial concentration
of the dye. At low concentrations there will be unoccupied ac-
tive sites on the adsorbent surface, and when the initial dye
concentration increases, the active sites required for adsorp-
tion of the dye molecules will not be available (Kannan and
Sundaram, 2001). The effect of the initial concentration of
MB/time of adsorption on the percentage of dye removal is gi-
ven in Fig. 3. It was found that more than 80% of the dye was
removed in the ﬁrst minute of adsorption and increased slowly
to maximum at equilibrium. Also, the percentage of adsorp-
tion decreased with an increase in the initial concentration
and increased as the contact time prolonged. However, the in-
crease in the initial dye concentration caused an increase in the
loading capacity of the adsorbent and this may be due to the
high driving force for mass at a high initial dye concentration
(Bulut and Aydin, 2006). In other words, the residual concen-
tration of dye molecules will be higher for higher initial dye
concentrations. In the case of lower concentrations, the ratio
of the initial number of dye molecules to the available adsorp-
tion sites is low and subsequently the fractional adsorption be-
comes independent of the initial concentration.
3.1.3. Effect of pH
pH factor is very crucial in adsorption studies especially dye
adsorption. The pH of a medium controls the magnitude of
electrostatic charges which are imparted both by the ionized84
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Figure 3 Time/concentration effect of MB adsorption onto
CCD at room temperature; dosage = 0.1 g; pH = 0.6; and
stirring speed = 200 rpm.dye molecules and the charges on the surface of the adsorbent.
As a result, the rate of adsorption will vary with the pH of an
aqueous medium (O¨nal et al., 2006). Fig. 4 shows the effect of
pH on the adsorption efﬁciency of coconut coir dust. Percent-
age dye removal increased from 94.4 at pH 2.0 to 99.2 at pH
6.0. This value is close to the neutral pH and can therefore
not be assumed as adsorption at low pH. However, percentage
adsorption had a slight difference up to pH 10.0. Similar
observations have been reported for the adsorption of methy-
lene blue (El-Sayed, 2011; Ponnusami et al., 2009). Lower
adsorption of MB at highly acidic pH may be due to the pres-
ence of excess H+ ions competing with dye cations and the
functional groups such as the amine (NHþ2 ) group in CCD
for the adsorption sites (SenthilKumar et al., 2010). As the
solution pH increased, the number of negatively charged sur-
face sites on the adsorbent increased, which may result in the
increase in adsorption of cationic dye molecules due to the
electrostatic attraction (Amin, 2009). The percentage adsorp-
tion had only a slight change when pH was within the range
of 4–10 (Fig. 4), which indicated that the electrostatic mecha-
nism was not the only mechanism for dye adsorption in the
solution but was also affected by the chemical reaction be-
tween the adsorbent and dye molecules (Al-Degs et al., 2008).
3.2. Adsorption isotherms
Adsorption isotherm provides important models in the
description of adsorption behaviour. It describes how the
adsorbate interacts with the adsorbent and offers explanation
for the nature and mechanism of the adsorption process. When
the adsorption reaction reaches equilibrium state, the
adsorption isotherm can indicate the distribution of adsorbate
molecules between the solid phase and the liquid phase (Tan
et al., 2008). Equilibrium isotherm data obtained from the dif-
ferent models provide important information on adsorption
mechanisms and the surface properties and afﬁnities of the
adsorbent (Santhi et al., 2010). Therefore it is essential to
establish the most appropriate correlation of equilibrium
curves to optimize the conditions for designing adsorption sys-
tems. In this present work, Langmuir, Freundlich and Temkin
isotherms were employed to investigate the adsorption behav-
iour and was found that all three could be used to explain
adsorption behaviour.94
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Figure 4 pH effect of Methylene blue adsorption onto CCD at
room temperature, adsorbent dosage = 0.1 g; time = 20 min; ini-
tial dye concentration = 50 mg L1 and stirring speed = 200 rpm.
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Figure 5 Langmuir isotherm plots for the adsorption of MB
onto CCD at different temperatures.
Coconut coir dust as a low cost adsorbent for the removal S71First, the Langmuir isotherm model proposed by Langmuir
(1916) is based on the assumption that adsorption occurs at
speciﬁc homogenous sites within the adsorbent. It explains
monolayer adsorption which lies on the fact that the adsorbent
has a ﬁnite capacity for the adsorbate i.e. at equilibrium; a sat-
uration point is attained where no further adsorption can oc-
cur. The equation below shows the Langmuir isotherm
expressions:
qe ¼
qmaxKLCe
1þ KLCe ð3Þ
This can be linearized to:
Ce
qe
¼ 1
qmaxKL
þ Ce
qmax
ð4Þ
where Ce is the equilibrium concentration (mg/L), qe is the
amount of dye adsorbed per unit mass of adsorbent at equilib-
rium (mg/g), qmax is the theoretical maximum adsorption
capacity (mg g1), KL is the Langmuir isotherm constant
(L mg1). The values of KL and qmax can be determined from
the slopes and intercepts of the linear plots of Ce/qe against Ce
(Fig. 5). The values of R2, KL and qmax are listed in Table 1
from the Langmuir isotherm. The value of qmax obtained in
the present study is within the range of the values reported
in the literature for the adsorption of MB onto various agricul-
tural wastes as listed in Table 2. Values of KL increase as the
temperature increases which indicates an increase in the bind-
ing forces of the adsorbate onto the adsorbent.
Second, the Freundlich isotherm model is another most
widely applied isotherm in explaining adsorption. The model
applies to adsorption on heterogeneous surfaces with interac-
tion between adsorbed molecules. It assumes that adsorption
energy exponentially decreases on the completion of the sorp-
tional centres in the adsorbent (Crini and Badot, 2008). The
Freundlich equation is given as:
qe ¼ KFC1=ne ð5Þ
where qe is the amount of dye adsorbed per unit mass of adsor-
bent at equilibrium (mg/g), Ce is the equilibrium concentration
(mg L1), KF is the Freundlich adsorption constant related to
the adsorption capacity of the adsorbent (mg11/n L1/n g1)
and n, a dimensionless constant, which can be used to explain
the extent of adsorption and the adsorption intensity between
the solute concentration and adsorbent respectively. A linear
form of the Freundlich equation is generally expressed as:Table 1 Isotherm parameters for the adsorption of Methylene blue
Isotherm model Parameters Tempera
30 ± 0.5
Langmuir qmax (mg g
1) 29.50
KL (L mg
1) 0.85
R2 0.968
Freundlich KF (mg
11/nL1/n g1) 13.62
n 1.37
R2 0.98
Temkin KT 14.75
B1 4.43
R2 0.99Logqe ¼ LogKF þ
1
n
LogCe ð6Þ
The values of KF and n are calculated from the intercepts and
slopes of the plot of logqe versus logCe. Fig. 6 shows theFreund-
lich plots and the isotherm parameters derived from Freundlich
plots are listed in Table 1. It is evident from the table that the va-
lue of n is greater than one for the adsorption of the dye at all
temperatures and decreases with increase in temperature. This
explains that the amount of dye adsorbed increased with a rise
in temperature (Iqbal and Ashiq, 2007). The larger value of
KF for the dye adsorption as the temperature increased suggests
enhanced adsorption at high temperatures and further con-
ﬁrmed the endothermic nature of the adsorption process.
The Temkin isotherm model takes into account adsor-
bentadsorbate interactions (Temkin and Pyzhev, 1940). This
model assumes that the heat of adsorption of all the molecules
in the layer decreases linearly with coverage due to adsor-
bentadsorbate interactions, and adsorption is characterized
by a uniform distribution of binding energies, up to some max-
imum binding energy. The linear form of Temkin isotherm is
given as:
qe ¼ B1 lnKT þ B1lnCe ð7Þ
where B1 is the Temkin constant related to the heat of adsorp-
tion and is given as: B1 ¼ RTb , where B1 is related to the heat of
adsorption. KT is the equilibrium binding constant (L mg
1).
The values of KT and B1 obtained from the intercepts andonto CCD.
ture (C)
40 ± 0.5 50 ± 0.5 60 ± 0.5
21.14 20.41 20.16
2.31 2.18 2.26
0.938 0.960 0.922
22.83 23.45 27.41
1.17 1.11 1.00
0.90 0.95 0.97
17.42 15.70 14.42
5.38 5.59 6.08
0.96 0.98 0.96
Table 2 Maximum monolayer adsorption capacities of different agricultural waste towards Methylene blue.
Adsorbents Monolayer adsorption capacity (mg/g) References
Pine leaves 126.58 Yagub et al. (2011)
Pine cone biomass of Pinus radiata 109.89 Sen et al. (2011)
Raw beech sawdust 9.78 Franca et al. (2009)
Palm kernel ﬁbre 95.4 El-Sayed (2011)
Wheat shell 16.56 Bulut and Aydin (2006)
Coir pith carbon 5.87 Kavitha and Namasivayam (2007)
Thermally activated coconut activated carbon 20.62 Sharma and Uma (2009)
Orange peel 18.6 Annadurai et al. (2002)
Cocoa waste 1.21 McKay et al. (1986)
Oak saw dust 29.94 Ferrero (2007)
Raw coconut coir dust 29.50 Present study
S72 U.J. Etim et al.slopes of the plots of qe versus lnCe, respectively (Fig. 7) are
summarized in Table 1. From the table, the values of KT were
not regular and cannot be used to predict the behaviour of the
dye in terms of heat energy. B1 increases as the temperature in-
creases and has reached the maximum at 60 C which indicates
the endothermic reaction proposed earlier by the Freundlich
model in the present study.
All the three isotherm models showed a good correlation
coefﬁcient with the experimental data (R2 > 0.90) (Table 1),
which suggests that the adsorption data obtained in the present0
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Figure 6 Freundlich isotherm plots for the adsorption of MB
onto CCD at different temperatures.
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Figure 7 Temkin isotherm plot for the adsorption of MB onto
CCD at different temperatures.study could be said to ﬁt the three isotherm models. However,
Temkin isotherm had the highest correlation coefﬁcient range
(R2: 0.96–0.99), thus could be considered as the best of the
models although others can also be used to account for the
adsorption process. Reports of ﬁt of adsorption experimental
data to more than one isotherm can be found in the literature
(Santhi et al., 2010; Wang and Yan, 2011; Malana et al., 2010).
3.3. Adsorption equilibrium kinetics
The dynamics of the adsorption can be studied by the kinetics
of adsorption in terms of the order of the rate constant (Go´-
mez et al., 2007). In order to design a fast and effective model,
investigations were made on adsorption rate using pseudo ﬁrst
order and pseudo second order kinetic models. The pseudo-
ﬁrst order model though has a good correlation coefﬁcient
for dye concentrations >10 mg L1 with experimental data
has deviated from theory since it fails to predict the amount
of dye adsorbed (Crini and Badot, 2008).
The pseudo second order model is based on the adsorption
capacity (as pseudo ﬁrst order) and predicts the behaviour for
the adsorption process for all dye concentrations. It can also
be used to predict chemisorption processes. The pseudo second
order kinetic model is represented with the expression (Ho and
Mckay, 1998):
t
qt
¼ 1
k2q2e
þ 1
qe
t ð8Þ
where k2 is the rate constant of pseudo-second order adsorp-
tion (g mg1 min1). Fig. 8 shows pseudo-second order plots
for the adsorption process for ﬁve different concentrations of
the dye. K2 and qe values were determined from the intercepts
and slopes of the linear plots respectively. Table 3 shows the
pseudo-second order kinetic data for the adsorption of MB
onto CCD. Values of the experimental data obtained showed
negligible difference with that of theory. The correlation coef-
ﬁcient (R2) value for the dye concentration range studied was
unity indicating a perfect ﬁt of the process to the second-order
kinetic model and its applicability in explaining adsorption
data. The initial adsorption rate is given as:
h ¼ k2q2e ð9Þ
The increase in values of the initial adsorption rates
(h= 19.64, 25.79, 35.75, 40.91 and 107.62 mg/g min) for
(Co = 10, 20, 30, 40 and 50 mg/L) respectively with an in-
crease in the initial dye concentration could be attributed to
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Figure 8 Pseudo-second order kinetic plot for the adsorption of
MB onto CCD.
Coconut coir dust as a low cost adsorbent for the removal S73the increase in the driving force for mass transfer, allowing
more dye molecules to reach the surface of the adsorbents in
a shorter period of time (Ho and Mckay, 1998; Ho and
McKay, 1998).
3.4. Thermodynamic studies
The values of thermodynamic parameters including change in
the enthalpy (DH), entropy (DS), and Gibbs free energy (DG)
obtained from the experimental data can be used to predict
the feasibility of the adsorption process. In the present study,
the effect of temperature on adsorption was studied at four dif-
ferent temperatures (30, 40, 50 and 60 C) and for ﬁve different
concentrations of the dye. DH and DS were obtained from the
slopes and intercepts of the linear plots of logKL against 1/T
(not presented) in the linear expression (Eq. (10)):
LogKL ¼  DH
2:303RT
þ DS
2:303R
ð10Þ
where KL ¼ qeCe, and is the equilibrium constant obtained for
each temperature from the Langmuir model, R is the molarTable 3 Kinetic parameters for the adsorption of Methylene blue o
Conc. of dye (mg g1) qe, exp (mg g
1) Pseudo-ﬁrst order
K1 (min
1) qe, cal (m
10 2.48 0.29 0.24
20 4.94 0.20 0.63
30 7.31 0.25 1.08
40 7.63 0.31 1.71
50 11.84 0.33 1.54
Table 4 Thermodynamic parameters for the adsorption of Methyle
Conc. of dye(mg L1) DH (kJ mol1) DS (kJ mol1K1)
10 25.69 112.2
20 18.40 55.3
30 17.73 51.1
40 12.55 65.6
50 14.97 73.0gas constant (8.314 J/mol K); T is the absolute temperature.
The values of Gibbs free energy (DG) were calculated using
the equations:
DG ¼ RTlnKL ð11Þ
The obtained thermodynamic parameters are given in Table 4.
Positive DH suggests an endothermic reaction. Similarly a po-
sitive value of DS suggests the increased randomness at the so-
lid/liquid interface during the adsorption process so that
increased entropy induces the replacement of hydrated dye
ions for water molecules around adsorbent particles (Messina
and Schulz, 2006). Similar results of adsorption of dyes onto
different adsorbents with a positive change in entropy and en-
thalpy have been reported (Kavitha and Namasivayam, 2007;
Zhong et al., 2011; Kuo et al., 2006). The negative values of
DG imply the spontaneous nature of the adsorption process.
Further, the decrease in the values of DG with a rise in temper-
ature indicates that the adsorption is more spontaneous at
higher temperatures. The enthalpy change in the ranges of
20–40 kJ/mol and 80–400 kJ/mol, indicates physisorption and
chemisorption respectively (Bansal and Goyal, 2005). The val-
ues of DH obtained in this study (Table 4) are within the
ranges of the physisorption mechanism (14.97–25.69 kJ/mol).
3.5. Spectral analyses
FTIR spectroscopy provides structural and compositional
information on the functional groups presented in the samples.
The functional groups present in the proximate composition of
the CCD were investigated by Fourier transform infrared
(FTIR) spectroscopy. Fig. 9(a) and (b) shows IR spectra of
raw CCD and dye loaded CCD respectively. The adsorption
capacity of adsorbents depends upon porosity as well as chem-
ical reactivity of functional groups at the surface. This reactiv-
ity creates an imbalance between forces at the surface when
compared to those within the body, thus leading to molecular
adsorption by the van der Waals force (SenthilKumar et al.,
2010). The adsorption spectra displayed a number ofnto CCD.
Second-order order
g g1) R2 K2 (g/mg min) qe, cal (mg g
1) R2
0.74 3.41 2.49 1.00
0.99 1.04 4.98 1.00
0.98 0.66 7.36 1.00
0.92 0.69 7.70 1.00
0.95 0.76 11.90 1.00
ne blue onto CCD.
DG (kJ mol1)
30 ± 0.5 C 40 ± 0.5 C 50 ± 0.5 C 60 ± 0.5 C
7.80 10.15 10.47 11.43
7.80 9.68 9.56 9.66
7.43 8.69 8.89 9.05
7.03 8.46 8.59 9.16
6.83 8.33 8.59 9.16
Figure 9 FTIR spectra of (a) raw coconut coir dust and (b) dye loaded coconut coir dust.
S74 U.J. Etim et al.absorption peaks, indicating the complex nature of the CCD.
The exhibition of broad band at 3391.94 cm1 is an indication
of the presence of the stretch vibration of bonded hydroxyl
groups on the coconut coir dust. The broad absorption peak
at 2929 cm1 is evidence of alkyl stretch vibration of –CH3.
The strong absorption peak at 1619.29 cm1 is attributed to
the presence of conjugate CC bond of diene. The vibration
at 1434.12 cm1 is due to a possible C–C (in ring) stretching
from an aromatic group. The strong band at 1357.93 cm1 is
characteristic of weak vibration of the aliphatic NO group.
The existence of CO of carboxylic acid groups gave rise to
the peak at 1258.59 cm1. The peak shown at 1047.38 cm1
is associated with the strong and broad band of CO of
zprimary alcohol and medium vibration of primary amine
(NH2) in the structure. The stretched adsorption peak at
548.77 cm1 could be assigned to the presence of alkyl halide
(CX) and disulphide groups. As presented in Fig. 9b, after
adsorption, the non prominent peak at 4623.53 cm1 which
could not be attributed to any functional group and the peakat 1357.93 cm1 disappeared completely. However, all other
peaks show a shift to a new wavelength which is an indication
of the involvement of the functional groups in the adsorption
process.
4. Conclusion
Results obtained from this work revealed that coconut coir
dust (CCD) is an effective low cost adsorbent for the removal
of MB dye from aqueous solutions. The adsorbent had good
adsorption capacity for methylene blue and showed strong
adsorption as the initial concentration of the dye was in-
creased. Adsorption parameters calculated from Langmuir,
Freundlich and Temkin isotherms are useful for the explana-
tion of the mechanisms of the adsorption process as indicated
by the good linear correlation coefﬁcient values. The adsorp-
tion kinetic data were best described by the pseudo-second or-
der kinetic model. Thermodynamic studies show the
adsorption process to be endothermic and spontaneous.
Coconut coir dust as a low cost adsorbent for the removal S75Adsorption capacity of CCD is found to be comparable to
those of other agricultural waste materials hence CCD could
ﬁnd industrial applications for the treatment of industrial
wastewater containing dyes.References
Al-Degs, Y.S., El-Barghouthi, M.I., El-Sheikh, A.H., Walker, G.M.,
2008. Effect of solution pH, ionic strength, and temperature on
adsorption behavior of reactive dyes on activated carbon. Dyes and
Pigments 77, 16–23.
Amin, N.K., 2009. Removal of direct blue-106 dye from aqueous
solution using new activated carbons developed from pomegranate
peel: adsorption equilibrium and kinetics. Journal of Hazardous
Materials 165, 52–62.
Annadurai, G., Juang, R., Lee, D., 2002. Use of cellulose-based wastes
for adsorption of dyes from aqueous solutions. Journal of
Hazardous Materials 92, 263–274.
Arami, M., Limaee, N.Y., Mahmoodi, N.M., Tabrizi, N.S., 2008.
Removal of dyes from colored textile wastewater by orange peel
adsorbent: equilibrium and kinetic studies. Journal of Colloid and
Interface Science 288, 371–376.
Babel, S., Kurniawan, T.A., 2004. Cr(VI) removal from synthetic
wastewater using coconut shell charcoal and commercial activated
carbon modiﬁed with oxidizing agents and/or chitosan. Chemo-
sphere 54, 951–967.
Bansal, R.C., Goyal, M., 2005. Activated Carbon Adsorption. Taylor
& Francis Group CRC Press, Boca Raton, p. 65.
Batzias, F.A., Sidiras, D.K., 2007. Dye adsorption by prehydrolysed
beech sawdust in batch and ﬁxed-bed systems. Bioresource Tech-
nology 98, 1208–1217.
Bhatnagar, A., Vilar, V.J.P., Botelho, C.M.S., Boaventura, R.A.R.,
2010. Coconut-based biosorbents for water treatment – a review of
the recent literature. Advances in Colloid and Interface Science 160,
1–15.
Bhattacharyya, K.G., Sharma, A., 2004. Azadirachta indica leaf as an
effective biosorbent for dye: a case study with aqueous Congo red
solution. Journal of Environmental Management 71, 217–
229.
Bulut, Y., Aydin, H., 2006. A kinetics and thermodynamics study of
methylene blue adsorption on wheat shells. Desalination 194, 259–
267.
Chatterjee, S., Chatterjee, S., Chatterjee, B.P., Das, A.R., Guha, A.K.,
2005. Adsorption of a model anionic dye, eosin Y, from aqueous
solution by chitosan hydrogels. Journal of Colloid Interface Science
288, 30–35.
Chen, H., Zhao, J., Wu, J., Dai, G., 2011. Isothermic, thermodynamic,
kinetics and adsorption mechanism studies of methyl orange by
surfactant modiﬁed silkworm exuviae. Journal of Hazardous
Materials 192, 246–254.
Chweya, J.A., Gurnah, A.M., Fisher, N.M., 1978. Preliminary studies
on some local materials for propagation media 2. Trials with
mixtures containing local materials. East African Agricultural and
Forestry Journal 43, 334–342.
Crini, G., Badot, P.M., 2008. Application of chitosan, a natural amino
polysaccharide for dye removal from aqueous solutions by
adsorption process using batch studies: a review of recent literature.
Progress in Polymer Science 33, 399–447.
Daneshvar, N., Ayazloo, M., Khataee, A.R., Pourhassan, M., 2007.
Biological decolourization of dye solution containing Malachite
Green by microalgae Cosmarium sp. Bioresource Technology 98,
1176–1182.
de Sousa, D.A., de Oliveira, E., Nogueira, M.C., Esposito, B.P., 2010.
Development of a heavy metal sorption system through the P=S
functionalization of coconut (Cocos nucifera) ﬁbers. Bioresource
Technology 101, 138–143.Deniz, F., Saygideger, S.D., 2011. Removal of a hazardous azo dye
(Basic Red 46) from aqueous solution by princess tree leaf.
Desalination 268, 6–11.
Easton, R.J., 1995. Colour in dye house efﬂuent. In: Cooper, P. (Ed.),
Society of Dyers, Colorists. The Alden Press, Oxford.
El-Sayed, G.O., 2011. Removal of methylene blue and crystal violet
from aqueous solutions by palm kernel ﬁber. Desalination 272,
225–232.
Ferrero, F., 2007. Dye removal by low cost adsorbents: hazelnut shells
in comparison with wood sawdust. Journal of Hazardous Materials
142, 144–152.
Franca, A.S., Oliveira, L.S., Ferreira, M.E., 2009. Kinetics and
equilibrium studies of methylene blue adsorption by spent coffee
grounds. Desalination 249, 267–272.
Go´mez, V., Larrechi, M.S., Callao, M.P., 2007. Kinetic and adsorp-
tion study of acid dye removal using activated carbon. Chemo-
sphere 69, 1151–1158.
Gupta, V.K., Mittal, A., Jain, R., Mathur, M., Sikarwar, S., 2006.
Adsorption of Safranin-T from waste water using materials
activated carbon and activated rice husk. Journal of Colloid and
Interface Science 303, 80–86.
Gupta, V.K., Jain, R., Shrivastava, M., 2010. Adsorptive removal of
Cyanosine from waste water using coconut husks. Journal of
Colloid and Interface Science 347, 309–314.
Hameed, B.H., Mahmoud, D.K., Ahmad, A.L., 2008. Equilibrium
modeling and kinetic studies on the adsorption of basic dye by a
low-cost adsorbent: coconut (Cocos nucifera) bunch waste. Journal
of Hazardous Materials 158, 65–72.
Hameed, B.H., Krishni, R.R., Sata, S.A., 2009. A novel agricultural
waste adsorbent for the removal of cationic dye from aqueous
solutions. Journal of Hazardous Materials 162, 305–311.
Hao, O.J., Kim, H., Chiang, P.C., 2000. Decolorization of wastewater,
critical review. Environmental Science and Technology 30, 449–
505.
Ho, Y.S., Mckay, G., 1998. Kinetic models for the adsorption of dye
from aqueous solution by wood. Chemical Engineering Journal 76,
183–191.
Ho, Y.S., McKay, G., 1998. Kinetic model for lead(II) sorption on to
peat. Adsorption Science & Technology 16, 243–255.
Ho, Y.S., Ofomaja, A.E., 2006. Biosorption thermodynamics of
cadmium on coconut copra meal as biosorbent. Biochemical
Engineering Journal 30, 117–123.
Hu, Q.H., Qiao, S.Z., Haghseresht, F., Wilson, M.A., Lu, G.Q., 2006.
Adsorption study for removal of basic red dye using bentonite.
Industrial & Engineering Chemical Research 45, 733–738.
Iqbal, M.J., Ashiq, M.N., 2007. Adsorption of dyes from aqueous
solutions on activated charcoal. Journal of Hazardous Materials
139, 57–66.
Jain, R., Shrivastava, M., 2008. Adsorptive studies of hazardous dye
Tropaeoline 000 from an aqueous phase on to coconut-husk.
Journal of Hazardous Materials 158, 549–556.
Joachim, A.W.R., 1930. The fertilizer value and decompositability of
coconut ﬁber dust. Chemical Abstracts 24, 1796.
Kannan, N., Sundaram, M.M., 2001. Kinetics and mechanism of
removal of methylene blue by adsorption on various carbons – a
comparative study. Dyes and Pigments 51, 25–40.
Kavitha, D., Namasivayam, C., 2007. Experimental and kinetic studies
on methylene blue adsorption by coir pith carbon. Bioresource
Technology 98, 14–21.
Khaled, A., El Nemr, A., El-Sikaily, A., Abdelwahab, O., 2009.
Removal of Direct N Blue-106 from artiﬁcial textile dye efﬂuent
using activated carbon from orange peel: adsorption isotherm and
kinetic studies. Journal of Hazardous Materials 165, 100–110.
Khattri, S.D., Singh, M.K., 2009. Removal of malachite green from
dye wastewater using neem sawdust by adsorption. Journal of
Hazardous Materials 167, 1089–1094.
Kuo, C.Y., Wu, C.H., Wu, J.Y., 2006. Adsorption of direct dyes from
aqueous solutions by carbon nanotubes: determination of equilib-
S76 U.J. Etim et al.rium, kinetics and thermodynamics parameters. Journal of Colloid
and Interface Science 299, 305–320.
Lakshmi, U.R., Srivastava, V.C., Deo Mall, I., Lataye, D.H., 2009.
Rice husk ash as an effective adsorbent: evaluation of adsorptive
characteristics for Indigo armine dye. Journal of Environmental
Management 90, 710–720.
Langmuir, I., 1916. The constitution and fundamental properties of
solids and liquids. Journal of American Chemical Society 38, 2221–
2295.
Low, K.S., Lee, C.K., 1990. The removal of cationic dyes using
coconut husk as an absorbent. Pertanikam 13, 221–228.
Malana, M.A., Ijaz, S., Ashiq, N., 2010. Removal of various dyes from
aqueous media onto polymeric gels by adsorption process; their
kinetics and thermodynamics. Desalination 263, 249–257.
McKay, G., Ramprasad, G., Pratapamowli, P., 1986. Equilibrium
studies for the adsorption of dyestuffs from aqueous solution by
low-cost materials. Water Air and Soil Pollution 29, 273–283.
A. W. Meerow, 1997. Coir dust, a viable alternative to peat moss,
Greenhouse, Product News, January, pp. 17–21.
Messina, P.V., Schulz, P.C., 2006. Adsorption of reactive dyes on
titania – silica mesoporous materials. Journal of Colloid and
Interface Science 299, 305–320.
Namasivayam, C., Kumar, M.D., Selvi, K., Begum, R.A., Vanathi, T.,
Yamuna, R.T., 2001. Waste coir pith – a potential biomass for the
treatment of dyeing wastewaters. Biomass Bioenergy 21, 477–483.
P. Noguera, M. Abad, V. Noguera, R. Puchades, A. Maquieira, 1998.
Coconut coir waste, a new and viable ecologically-friendly peat
substitute. In: ISHS Acta Horticulture 517: XXV International
Horticultural Congress, Part 7: Quality of Horticultural Product.
Offord, C.A., Muir, S., Tyler, J.L., 1998. Growth of selected
Australian plants in soilless media using coir as a substitute for
peat. Australian Journal of Experimental Agriculture 38, 879–887.
O¨nal, Y., Akmil-Basar, C., Eren, D., SarIcI-O¨zdemir, C., Depci, T.,
2006. Adsorption kinetics of malachite green onto activated carbon
prepared from Tunc¸bilek lignite. Journal of Hazardous Materials
128, 150–157.
Gonzales, B.P., 1970. Analysis and pulping of coir dust. In: Emata, R.
(Ed.), Coconut Research and Development. V. 3. UCAP, Manila,
pp. 163–173.
Ponnusami, V., Gunasekar, V., Srivastava, S.N., 2009. Kinetics of
methylene blue removal from aqueous solution using gulmohar
(Delonix regia) plant leaf powder: multivariate regression analysis.
Journal of Hazardous Materials 169, 119–127.
Reynolds, S.G., 1973. Preliminary studies in Western Samoa using
various parts of the coconut palm (Cocos nucifera L.) as growing
media. Acta Horticulturae 37: I Symposium on Artiﬁcial Media in
Horticulture.
Robinson, T., McMullan, G., Marchant, R., Nigam, P., 2001.
Remediation of dyes in textile efﬂuent: a critical review on current
treatment technologies with a proposed alternative. Bioresouce
Technology 77, 247–255.Salleh, M.A.M., Mahmoud, D.K., Karim, W.A., Idris, A., 2011.
Cationic anionic dye adsorption by agricultural solid waste: a
comprehensive review. Desalination 280, 1–13.
Santhi, T., Manonmani, S., Smitha, T., 2010. Removal of methyl red
from aqueous solution by activated carbon prepared from the
Annona squamosa seed by adsorption. Chemical Engineering
Research Bulletin 14, 11–18.
Sen, T.K., Afroze, S., Ang, H., 2011. Equilibrium, kinetics and
mechanism of removal of methylene blue from aqueous solution by
adsorption onto pine cone biomass of Pinus radiata. Water Air and
Soil Pollution 218, 1–17.
SenthilKumar, P., Ramalingam, S., Senthamarai, C., Niranjanaa, M.,
Vijayalakshmi, P., Sivanesan, S., 2010. Adsorption of dye from
aqueous solution by cashew nut shell: studies on equilibrium
isotherm, kinetics and thermodynamics of interactions. Desalina-
tion 261, 52–60.
Sharma, Y.C., Uma, S.N., 2009. Removal of a cationic dye from
wastewaters by adsorption on activated carbon developed from
coconut coir. Energy Fuels 23, 2983–2988.
Tan, I.A.W., Ahmad, A.L., Hameed, B.H., 2008. Adsorption of basic
dye on high surface area activated carbon prepared from coconut
husk: equilibrium, kinetic and thermodynamic studies. Journal of
Hazardous Materials 154, 337–346.
Tanyildizi, M.S., 2011. Modeling of adsorption isotherms and kinetics
of reactive dye from aqueous solution by peanut hull. Chemical
Engineering Journal 168, 1234–1240.
Tejano, E.A., 1985. State of the art of coconut coir dust and husk
utilization: general overview- Paper presented during the National
Workshop on waste utilization, coconut husk. Philippine Journal
of Coconut Studies 2, 4–11.
Temkin, M.J., Pyzhev, V., 1940. Recent modiﬁcation to Langmuir
isotherms. Acta Physiochemical USSR 12, 217–222.
Uddin, M.T., Islam, M.A., Mahmud, S., Rukanuzzaman, M., 2009.
Adsorptive removal of methylene blue by tea waste. Journal of
Hazardous Materials 164, 53–60.
Vidhana Arachchi, L.P., Somasiri, L.L.W., 1997. Use of coir dust on
the productivity of coconut on sandy soils. Cocos 12, 54–71.
Vieira, A.P., Santana, S.A.A., Bezerra, C.W.B., Silva, H.A.S., Chaves,
J.A.P., de Melo, J.C.P., da Silva Filho, E.C., Airoldi, C., 2009.
Kinetics and thermodynamics of textile dye sorption from aqueous
solutions using babassu coconut mesocarp. Journal of Hazardous
Materials 166, 1272–1278.
Wang, L.-G., Yan, G.-B., 2011. Adsorptive removal of direct yellow
161 dye from aqueous solution using bamboo charcoals activated
with different chemicals. Desalination 274, 81–90.
Yagub, M.T., Sen, T.K., Ang, H.M., 2011. Removal of organic
contaminants by natural pine cone and pine leaves as adsorbent.
CHEMECA: Engineering a Better World.
Zhong, Q.Q., Yue, Q.Y., Li, Q., Xu, X., Gao, B.Y., 2011. Preparation,
characterization of modiﬁed wheat residue and its utilization for
the anionic dye removal. Desalination 267, 193–200.
